A multianvil apparatus has been used to determine the pressure-temperature melting curve of forsterite from 9.7 to 16.5 GPa. At 10.1 GPa a singular point occurs that marks the change from congruent melting at lower pressures to incongruent melting (forsterite -periclase + liquid) at higher pressures. The melting curve also passes through two invariant points. At one (15.6 GPa, 2310øC), the phases forsterite, periclase, anhydrous B, and liquid coexist and the melting reaction changes from forsterite = periclase + liquid at lower pressures to forsterite = anhydrous B + liquid at higher pressures. At the other (16.7 GPa, 2315øC), the phases forsterite, modified spine!, anhydrous B, and liquid coexist, and the melting reaction changes from forsterite = anhydrous B + liquid at lower pressures to modified spinel = anhydrous B + liquid at higher pressures. The Simon equation, P(GPa) = 2.44[(T(øK)/2171) ll'4-1], fits both our melting curve data and the lower pressure data of Davis and England (1964). At low pressures, the melting curve of forsterite lies at higher temperatures than that of enstatite, but the two curves cross at 13.3 GPa because of the lower dT/dP slope of the forsterite melting curve. This causes the forsterite-enstatite eutectic to shift toward forsterite as pressure increases, but our data are consistent with earlier findings that the shift is not sufficient to support an origin for the mantle by eutectic-like melting at high pressures.
by the equation, P(GPa) = 17.36 -0.0004T(øC). Thus it is an excellent transition to use as a pressure calibration at high temperature. The pressure cell assembly at the University of Alberta was calibrated against this transition at 2050øC. Three experiments, each 1 hour in duration, were performed at 0.2-GPa intervals, with pure MgSiO 3 prepared by firing an oxide mixture twice at 1650øC with intermediate grinding. At the lowest pressure, the charge consisted entirely of clinoenstatite; at the highest pressure, it consisted entirely of majorite; and at the intermediate pressure, the phase boundary was found within the capsule, with clinoenstatite being located in the cold end. The consistency of these three experiments suggests that the pressure uncertainty is less than + 0.2 GPa.
A second calibration point is the coesite-stishovite transition. Quartz powder was used as a starting material and runs were held at temperature for 6 hours. In the defining experiment, the coesite-stishovite transition was found toward the cool part of the capsule at a temperature of about 1150øC. At this temperature, the data of Yagi and Akimoto [1976] indicate a pressure for the transition of 9.3 GPa. The resulting pressure calibration curve is shown in Figure 1 .
The starting composition for all the experiments was a powder of Mg2SiO 4 composition prepared by T. Gasparik and generously supplied to us. He had taken the ground oxide mixture through two cycles of firing (1300øC for 24 hours) and regrinding. To be sure no traces of other phases remained, we fired (1600øC) and reground the powder four additional times. The first of these firings lasted 1 hour and the other three lasted 2 hours each. Microscopic examination of the final powder in oil revealed no phases other than forsterite.
As in the study of Presnall and Gasparik [1990] , the sample capsule was positioned with the hot spot slightly displaced from the center of the capsule toward the thermocouple tip. Temperatures of phase boundaries in longitudinal polished sections of the capsules were then determined on the basis of the isotherms shown in Figure 2 of Presnall and Gasparik [1990] . Temperature uncertainty of these phase boundaries is estimated to be + 30øC.
The liquid region of a recovered sample always consisted entirely of forsterite quench crystals in a matrix that was found by microprobe analysis to have the composition of MgSiO 3.
The feathery texture of the forsterite quench crystals allowed them to be distinguished easily from equilibrium crystals in other parts of the capsule. Electron microprobe analyses were performed on the JEOL 8600 instrument at The University of Texas at Dallas. Olivine was distinguished from modified spinel by brightness differences in backscattered electron images and by differences in fluorescence colors produced by the electron beam (olivine, dim purple; modified spinel, bright green).
TIME-TEXTURE RELATIONSHIPS IN EXPERIMENTAL RUN PRODUCTS
We have found a strong effect of time on the textural development of run products that is a potential source of confusion in the determination of melting relationships. The changes with time are the combined effect of a thermal gradient, diffusion in the liquid, and small but unavoidable temperature fluctuations. For a liquid coexisting with crystals in a thermal gradient, Lesher and Walker [1988] Table 1 lists the experiments on which this curve is based. The experiment in Table 1 at 16.5 GPa is taken from Presnall and Gasparik [1990] and was done by T. Gasparik at State University of New York at Stony Brook using the same pressure calibration as that used here. The melting temperature determined from this experiment is consistent with melting temperatures determined from 9.6 to 14.9 GPa (Table 1) Figure 5 is an equally good fit and is required by the higher pressure data reported here.
In Figure 5 , the singular point (s) at 10.1 GPa, 2250øC, marks the change from congruent melting of forsteritc at lower pressures to incongruent melting (forsteritc = periclase + liquid) at higher pressures. Schreinemakers [1916] has shown that no discontinuity in the slope of a melting curve occurs at a singular point even though the melting reaction changes at this point. Therefore, the melting curve has been shown without a break in slope as it passes through s. The pressure of 10.1 GPa for the singular point is a correction to our value reported earlier of 10.5 GPa [Presnall and Walter, 1989 ]. This earlier value was based on an error in the pressure calibration curve.
At about 15.6 GPa, 2310øC, an invariant point (nl) occurs that corresponds to the equilibrium assemblage forsteritc + periclase + anhydrous B + liquid. Anhydrous B has the composition Mg14Si5024 and its structure was determined by Finger et al.
[1989] on a crystal extracted from the experiment at 16.5 GPa listed in Table 1 . At the invariant point, the incongruent melting reaction of Mg2SiO4 changes from forsteritc = periclase + liquid at lower pressures to forsteritc = anhydrous B + liquid at higher pressures. In contrast to the situation for the singular point discussed above, invariant point nl. causes a discontinuity in the T-P slope of the forsteritc melting curve to produce a slightly lower slope at higher pressures. This difference is slope cannot be resolved experimentally but is required by Schreinemakers' rules [Zen, 1966] .
A second invariant point (n2) is shown at 16.7 GPa, 2315øC, at which the phases forsteritc, modified spinel, anhydrous B, and liquid are in equilibrium. At n 2, the incongruent melting reaction of Mg2SiO4 changes from forsteritc = anhydrous B + liquid at lower pressures to modified spinel = anhydrous B + liquid at higher pressures. Although an upper pressure bracket for this invariant point has not been determined along the forsteritc melting curve, the pressure is well constrained by the forsteritc/modified spinel transition. The straight line for this transition shown in Figure 5 passes through the point at 16.5 GPa, 2230øC determined by Presnall and Gasparik [1990] , through the point at 15.0 GPa, 1600øC reported by Katsura and Ito [1989] , and between the experiments of Katsura and Ito that show forsteritc at 13.9 GPa, 1200øC, and modified spinel at 14.4 GPa, 1200øC. This consistency suggests close agreement between the pressure calibration used here and that used by Katsura and Ito [1989] . The dP/dT slope of this line, 0.0024 GPa/øC, is nearly identical to but slightly less than that given by Suito [1977] and at the upper uncertainty limit of that calculated by Akaogi et al. [1989] . It is also essentially identical to the slope of 0.00236 GPa/øC given by equation (2) of Gasparik [ 1990] .
We have fitted a single Simon equation to all of our data on the melting of forsterite up to 14.9 GPa and the lower pressure data of Davis and England [ 1964] 
